Influence of the Plasmodium falciparum P-glycoprotein homologue 1 (pfmdr1 gene product) on the antimalarial action of cyclosporin.
The immunosuppressant cyclosporin A and a number of other cyclosporins have potent and selective antimalarial activity. Their exact mechanism of antimalarial action is unknown but the structure-activity relationships for malarial parasite inhibition and immunosuppression differ markedly. The 3'-keto derivative of cyclosporin D (valspodar) is particularly potent against the human malarial parasite Plasmodium falciparum in culture but causes negligible immunosuppression. Multidrug resistance in mammalian cancer cells, the result of overproduction of the P-glycoprotein, can be reversed by certain cyclosporins, particularly valspodar. We therefore investigated the possibility that the antimalarial target of cyclosporin might be a P-glycoprotein homologue. P. falciparum P-glycoprotein homologue 1 (Pgh1; the pfmdr1 gene product) is located in the digestive vacuole (DV) membrane of the parasite. Its function is unknown but it modulates the susceptibility of parasites to quinolines and related antimalarial drugs, including quinine, mefloquine, halofantrine and chloroquine, and to artemisinin. Here we demonstrate that (i) sequence polymorphisms in pfmdr1 altered the susceptibility of parasites to cyclosporin A and (ii) pfmdr1-overexpressing strains were slightly less susceptible to the drug. Furthermore, we found synergistic antimalarial interactions between cyclosporin A and quinine, mefloquine or halofantrine and antagonism between cyclosporin A and chloroquine. However, we were unable to detect a direct interaction between cyclosporin and Pgh1. The amino acid sequence and copy number of Pgh1 may influence cyclosporin susceptibility as a result of a direct interaction between the drug and the protein, or via indirect effects on the physiology of the DV.